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Summary
Physical activity and sedentary behaviour are associated with metabolic and
mental health during childhood and adolescence. Understanding the inter-
relationships between these behaviours will help to inform intervention design.
This systematic review and meta-analysis synthesized evidence from observa-
tional studies describing the association between sedentary behaviour and physi-
cal activity in young people (<18 years). English-language publications up to
August 2013 were located through electronic and manual searches. Included
studies presented statistical associations between at least one measure of seden-
tary behaviour and one measure of physical activity. One hundred sixty-three
papers were included in the meta-analysis, from which data on 254 independent
samples was extracted. In the summary meta-analytic model (k = 230), a small,
but significant, negative association between sedentary behaviour and physical
activity was observed (r = −0.108, 95% confidence interval [CI] = −0.128,
−0.087). In moderator analyses, studies that recruited smaller samples (n < 100,
r = −0.193, 95% CI = −0.276, −0.109) employed objective methods of measure-
ment (objectively measured physical activity; r = −0.233, 95% CI = −0.330,
−0.137) or were assessed to be of higher methodological quality (r = −0.176,
95% CI = −0.215, −0.138) reported stronger associations, although effect sizes
remained small. The association between sedentary behaviour and physical activ-
ity in young people is negative, but small, suggesting that these behaviours do
not directly displace one another.
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Introduction
Sedentary behaviour has been the subject of increasing
attention in recent years, from both the academic commu-
nity and the popular press (1–5). It is defined as sitting and
lying during waking hours when there is very low energy
expenditure (6). Typical work or school-related sedentary
behaviours include working at a desk or travelling by car,
whereas leisure-time behaviours might involve TV viewing
or recreational computer use. While all societies have
seated behaviours, it is thought that contemporary lifestyles
in developed countries involve very large amounts of sitting
and that this has increased over the past decades (7). Much
of this is attributed to new technologies (8,9).
Recent literature reviews in adults indicate that those
adopting higher amounts of sitting relative to their counter-
parts have increased risk of non-communicable disease
(10–12). Moreover, this is often shown to be somewhat
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independent of how much moderate-to-vigorous physical
activity (MVPA) has been undertaken. Emerging evidence
also indicates a potentially adverse impact of sedentary
behaviour on health in children and adolescents (13,14).
However, the effects are generally small for this largely
healthy population (15,16) and current evidence is less
convincing than for the effects of MVPA (17).
Until recent definitions provided some conceptual clarity,
it was common to refer to low levels of physical activity as
‘sedentary’. It is important that a clear distinction between
these clusters of behaviours is made. This is pertinent
because evidence indicates that even those meeting guide-
lines for physical activity may still accumulate considerable
sedentary time. One of the first studies to show this was
Marshall and colleagues’ cluster analysis of adolescents
from the UK and the USA (18). In both boys and girls,
clusters of participants were identified that reported higher
than average levels of physical activity along with elevated
levels of screen-based sedentary behaviour or sedentary
socializing activities.
Alongside this literature, it has been suggested that sed-
entary behaviours may hinder participation in physical
activity. This is sometimes referred to as the ‘displacement
hypothesis’, whereby one behaviour (sitting) displaces
another (physical activity) (19). While displacement may
occur at a single point in time (we cannot do both behav-
iours simultaneously), it may not be true across the day or
week. In their seminal review of factors associated with
physical activity (correlates) in young people, Sallis et al.
showed that it was not total sedentary time that was asso-
ciated with lower levels of physical activity but rather sed-
entary behaviour after school and at weekends (20).
In addition to the temporal context of sedentary behav-
iour, the way we assess behaviours may also be important.
Objective assessments of sedentary time typically involve a
movement or leg-angle sensor that estimates time sitting
(21). However, without additional information, one cannot
determine what behaviours are being undertaken. Self-
report methods, such as questionnaires, can be most helpful
in identifying what people are doing, although the precision
of time estimates is often low (21). To answer the question
whether time in sedentary behaviour replaces time that
might otherwise be spent in active pursuits, it might be wise
to assess both total time and types of behaviour across the
day. This will necessitate the use of both objective and
self-report methods.
Given that energy expenditure and postural allocation
during the waking day can vary across the spectrum of
sedentary to vigorous activities, it is important that we
better understand the associations between these groups of
behaviours. The aim of the current study was to systemati-
cally review and meta-analyse peer-reviewed research
describing the association between sedentary behaviour
and physical activity in children and adolescents.
Methods
This study followed the procedures for a meta-analysis as
documented in the PRISMA statement (22).
Search strategy
Search strategies were built around two groups of key-
words: population (e.g. ‘girls’, ‘boys’, ‘children’, ‘adoles-
cents’, ‘pre-school’, ‘youth’, ‘teenagers’) and behaviour
(e.g. ‘sedentary behaviour’, ‘television viewing’, ‘sitting’,
‘physical activity’, ‘activities’, ‘exercise’). ScienceDirect,
PubMed, PsycINFO, Web of Science, Cochrane Libraries
and EPPI Centre databases were searched using the key
terms up to and including August 2013. In addition,
manual searches of personal files were conducted along
with screening of reference lists of previous sedentary
behaviour and/or physical activity reviews (14,16,20,23–
34) and identified articles.
Inclusion and exclusion criteria
For inclusion, studies were required to (i) be an observa-
tional study or baseline of an intervention study; (ii) include
children aged ≤11 years and/or adolescents aged 12–
18 years (or a mean within these ranges) as participants of
the study; (iii) include at least one quantitative assessment
of sedentary behaviour and at least one quantitative assess-
ment of physical activity behaviour; (iv) measure the asso-
ciation between at least one domain of sedentary behaviour
and one domain of physical activity; and (v) be published in
the English language.
Identification of relevant studies
Potentially relevant articles were examined by two authors
(NP and AA) who (i) screened the titles; (ii) screened the
abstracts; and (iii) if abstracts were not available or did not
provide sufficient data, retrieved the entire article which
was then screened to determine whether it met the inclusion
criteria (see Fig. 1). At each stage, a selection of papers was
cross-checked by a third author (SJHB). Where there was
uncertainty or disagreement regarding inclusion, a discus-
sion was held between the three authors to reach a decision.
Data extraction and coding
Detailed information was extracted from each article by
two authors (NP and AA) and included sample character-
istics (sample size, age, gender, socio-economic status
and ethnicity), country of study, study design, domain of
sedentary behaviour assessed (e.g. screen time), domain
of physical activity assessed (e.g. moderate physical acti-
vity), measures used for sedentary behaviour and physical
obesity reviews Active and sedentary behaviours in youth N. Pearson et al. 667
© 2014 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity
15, 666–675, August 2014
activity (e.g. subjective or objective), temporal dimension
of physical activity or sedentary behaviour assessment (e.g.
leisure time or weekday only) and information on study
quality (described below). Where studies combined multi-
ple sources of assessment to derive a marker of sedentary
behaviour that reflected multiple domains or the specific
derivation of the sedentary behaviour construct was
unclear, we refer to ‘composite sedentary behaviour’
(k = 48). Information about the association between sed-
entary behaviour and physical activity, including the data
format for the association (e.g. correlation or odds ratio)
and the reported statistical data, were extracted by NP and
AA for use in calculating effect sizes. Data were extracted
using a standard data extraction instrument developed spe-
cifically for this study. When key information was missing
from an article, three attempts were made to reach the
corresponding author via e-mail before using the available
data or eliminating the study from the analysis.
Study quality
A scale assessing methodological quality was developed,
informed by previously reported checklists (31,33,34). The
instrument included items related to the quality of report-
ing (three items, with an additional item for prospective
studies) and study quality (validity/precision: eight items
with one additional item for prospective studies) and all
included studies were assessed against the scale by two
13,928 articles identified through
database searching:
PubMed (n = 5,123)
PsycINFO (n = 2,504)
Web of Science (n = 5,081)
ScienceDirect (n = 1,220)
221 additional articles identified
through searching review articles
4,574 duplicates removed (9,575 remaining papers)
7,101 articles excluded on basis of title and 1,760
excluded based on abstract (irrelevant articles or
the inclusion criteria were not met)
714 articles retrieved for more detailed evaluation
551 articles excluded
after evaluation of
full text
163 studies included in meta-analyses
13 articles including
children and
adolescents aged
<18 years
85 articles including
adolescents aged
12–18 years
65 articles including
children aged 5–11
years
Figure 1 Flow of information through
different phases of the meta-analyses.
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reviewers. The 11-item instrument (13 items for prospec-
tive studies) is available from the authors. Items were
marked ‘positive’ (scored 1), ‘negative’ (scored 0) or ‘not
sufficiently described’ (scored 0). Total scores for quality of
reporting and for study quality were calculated by adding
all positive scores for each assessed study. The scoring
system placed an emphasis on positive scores. Negative and
not sufficiently described items were treated equally; no
points were scored for either. For analytical purposes, study
quality scores (ranging from 0 to 8 for cross-sectional
studies and from 0 to 9 for prospective studies) were cat-
egorized into ‘high quality’ (scores of 5 or more) and ‘low
quality’ (scores of 0–4) and used as a potential moderator.
Outliers and publication bias
Data were screened to identify outliers and determine the
potential influence of publication bias. Studies with relative
residual scores outside the 95 percentile of the mean effect
size (z-score ≥ ± 1.96) were deemed to be outliers. Sensitiv-
ity analyses were conducted to examine the impact of
retention/removal of outliers on the overall effect estimate
(‘one study removed’ procedure) (35). A priori it was deter-
mined that studies should be retained when upon removal
the overall effect size remained significant and within the
95% confidence interval. Evidence of publication bias was
assessed in three ways: inspection of funnel plots (36),
application of the ‘trim and fill’ procedure (37,38) and
calculation of a ‘fail-safe N’ estimate (39).
Effect size calculations
Random effects meta-analysis was used to derive a pooled
estimate of the association between sedentary behaviour
and physical activity. Studies that calculated correlation
coefficients or those that treated physical activity as the
outcome were synthesized in the main analysis. Studies that
examined associations between sedentary behaviour and
low physical activity (e.g. physical activity outcome:
0 = high activity, 1 = low activity) and those that treated
sedentary behaviour as the outcome were analysed sepa-
rately. Fisher’s z transformation was applied to correlation
coefficients to permit the calculation of the relevant statis-
tics (variance, standard error, confidence intervals) before
converting back to the correlation to report the summary
effect size. An inverse variance weighting procedure for
independent effect sizes was used to improve overall preci-
sion, as recommended when several metrics are utilized to
compute a combined estimate of the total effect (40,41). An
independent sample (k) was used as the unit of analysis.
Pearson’s r was the effect size metric selected to report
results. Cohen’s criteria for small (>0.20), moderate
(>0.50) and large (>0.80) effect sizes was used to aid the
interpretation of results (42).
Between-study heterogeneity was quantified using the
Q-value, tau-squared (τ2), and I-squared (I2) statistics.
Moderator analyses were conducted to examine associa-
tions between physical activity and sedentary behaviour
sub-domains (e.g. TV viewing) and the influence of selected
demographic and methodological characteristics, including
age group and the use of subjective vs objective methods of
assessment. Analyses were performed using Comprehensive
Meta-Analysis (version-2) (43).
Results
Computerized and manual searches produced 14,149 ‘hits’,
of which 163 studies met the inclusion criteria (Fig. 1).
From the included studies, data were extracted for 254
independent subsamples. Included studies were published
between 1987 and 2013 and most were conducted in the
USA (n = 65) or Europe (n = 39). Subsamples mostly
described cross-sectional associations (k = 212) based upon
self- or proxy reports of physical activity (k = 179) or sed-
entary behaviour (k = 209). Descriptive characteristics and
references of studies that included children only (≤11 years,
n = 65), children and adolescents (n = 13), and adolescents
only (12–18 years, n = 85) are presented in Supporting
Information Tables S1–S3.
Associations between physical activity and
sedentary behaviour
The associations of overall sedentary behaviour and seden-
tary behaviour sub-domains with physical activity are pre-
sented in Table 1. In the summary meta-analytic model
(k = 230), a significant, but small, negative association
between physical activity and sedentary behaviour was
observed. When examined separately, small negative asso-
ciations were also observed for Internet use, screen time
(combined TV viewing, computer use, video game play),
composite sedentary behaviour and TV viewing. There was
evidence of substantial heterogeneity between studies, as
reflected in the significant Q-values and high I2 statistics,
which exceeded 90% in most cases.
Outliers and publication bias
Outlier analysis identified 14 studies with large residual
values (z-score ≥ ± 1.96) (17,18,44–55). All studies were
retained in final models as results from the ‘one study
removed’ procedure revealed marginal impact on the
overall effect estimate, which remained significant and
within the 95% confidence interval. Evidence of publica-
tion bias was minimal, as review of funnel plots indicated a
symmetrical distribution, the ‘trim and fill’ procedure did
not add studies to the funnel plot, and the ‘fail safe N’
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calculations indicated that a large number (>1,000 in most
cases) of additional non-significant studies were needed to
nullify the results.
Moderator analyses
Subgroup analyses for sample and study characteristics are
presented in Tables 2 and 3, respectively. For sample char-
acteristics, sample size was the only category to have a
significant difference between groups, with studies based
upon smaller samples producing larger effect sizes for the
association between sedentary behaviour and physical
activity. Heterogeneity statistics indicated that the sample
grouping within categories had smaller variance (tau-
squared) coefficients; however, there was inconsistency
(large I2) between studies. With regard to study-level char-
acteristics, significant differences between groups were
observed for the type of physical activity and sedentary
behaviour assessment used. In both cases, stronger associa-
tions were observed in studies that used objective methods
of measurement. A significant difference by study quality
was also observed, such that higher quality studies pro-
duced stronger negative associations. Analysis of the het-
erogeneity statistics indicated variability and inconsistent
findings within category sub-groupings (large Q and I2
values).
Additional analyses
A small number of studies (n = 14; k = 22) performed
analyses to examine the association between sedentary
behaviour and low levels of physical activity. In meta-
analytic models, the association was small but positive
(r = 0.067, 95% CI = 0.033, 0.101), consistent with results
from the main analysis. Four studies, reporting data from
four independent samples, presented analyses in which sed-
entary behaviour was the outcome variable. Associations
were small and negative (r = −0.019, 95% CI = −0.118,
0.080). We were unable to integrate one study into the
meta-analysis due to the method of analysis employed (56).
In this case, relative to those with high activity levels, boys
with low activity levels were more likely to exceed 2 h d–1
of screen time and those with moderate activity levels were
more likely to exceed 1 h d–1 of homework. In girls, those
who reported low or moderate levels of activity were less
likely to exceed 2 h d–1 of screen time but more likely to
report greater than 1 h d–1 of homework, compared to the
high active group.
Discussion
In this systematic review and meta-analysis, we observed a
significant, but small, negative association between seden-
tary behaviours and physical activity in children and ado-
lescents. In moderator analyses, studies that recruited
smaller samples, employed objective methods of measure-
ment or were assessed to be of higher methodological
quality reported stronger associations, although the mag-
nitude of effect remained small or small to moderate (42).
Findings provide little support for the ‘displacement
hypothesis’, which asserts that engagement in sedentary
behaviours may displace physical activity in young people
(19). Overall, the association is generally weak and may
therefore have limited relevance from a clinical or behav-
ioural perspective.
Table 1 Associations of overall and sub-domains of sedentary behaviour with all physical activity outcomes (subsample is the unit of analysis)
Effect size statistics† Heterogeneity statistics Publication
bias
k r SE s2 95% CI Z Q τ2 I2 Fail safe N
Total 230 −0.108 0.011 0.000 −0.128,−0.087 −10.23*** 13,072.80*** 0.022 98.25 18,025
Computer 37 −0.018 0.010 0.000 −0.038,0.001 −1.84 826.17*** 0.003 95.64 78
Homework 5 0.014 0.015 0.000 −0.043,0.095 −0.93 2.59 0.000 0.00 0
Internet 3 −0.051 0.023 0.001 −0.097,−0.006 −2.20* 0.745 0.000 0.000 0
Reading 4 −0.009 0.015 0.000 −0.039,0.021 −0.59 5.69 0.000 47.32 0
Screen time 85 −0.080 0.010 0.000 −0.101,−0.060 −7.68*** 2,395.14*** 0.006 96.49 9,071
Television 101 −0.064 0.010 0.000 −0.084,−0.045 −6.53*** 3,059.04*** 0.007 96.73 6,004
Video games 26 −0.002 0.021 0.000 −0.043,0.040 −0.07 2,250.12*** 0.009 98.89 1,009
Composite sedentary behaviour 48 −0.265 0.051 0.003 −0.364,−0.165 −5.22*** 6,936.57*** 0.119 99.32 2,904
*P < 0.05; ***P < 0.001.
†Fisher’s Z was used to calculate effect size statistics; k, number of effect sizes; r, effect size; SE, standard error; s2, variance; 95% confidence
interval; Z, test of null hypothesis; Q, total Q-value used to determine heterogeneity; τ2, between study variance in random effects model; I2, the
percentage of total variation across studies that is due to heterogeneity rather than chance. Fail safe N: the potential for publication bias to have
influenced the results of a meta-analysis. Fail safe N is the number of additional studies (studies in which the effect was zero) that would be needed
to increase the P value for the meta-analysis to above 0.05.
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Overall sedentary behaviour and specific sub-domains of
sedentary behaviour were negatively associated with physi-
cal activity. The direction of the association is consistent
with the displacement hypothesis, but the small magnitude
does not support the existence of a direct substitution
effect. Supportive of our findings, evidence from experi-
mental research indicates that the association between
sedentary behaviour and physical activity may be asymmet-
rical, such that modification of children’s sedentary behav-
iour will impact upon physical activity only under
particular conditions (57). It seems likely that in most
children, sedentary and physically active behaviours may
co-exist without detriment. Findings indicate that physical
activity and sedentary behaviour should be considered dis-
tinct constructs, and assessments in one domain should not
be applied as markers of the other (58–60). In developing
interventions to promote physical activity, strategies target-
ing a reduction in sedentary behaviour may be beneficial
only when employed as part of a broader package of meas-
ures targeting the determinants of physical activity. With
regard to obesity prevention, both insufficient physical
activity and excessive sedentary behaviour have been impli-
cated as potential causes of obesity, but the evidence on this
issue remains mixed and is characterized by numerous
methodological limitations (61). Further research is
required to clarify the relative and interacting impact of
physical activity and sedentary behaviour on weight status
in this population.
Small inverse associations were observed between spe-
cific sedentary behaviours, including Internet use, screen
time and TV viewing, and physical activity. The informa-
tion technology landscape has evolved rapidly in recent
years, impacting significantly on the way that young people
communicate and consume media content. While TV
remains the most prominent leisure-time sedentary behav-
iour, it is increasingly being accessed through alternative
platforms (mobile phones, tablet computers), which often
are portable and multifunctional (62–65). Considered
alongside the ‘active’ video games movement, it may no
longer be appropriate to infer sedentariness (6) from
reported behaviour, even those related to screen-use. This
may, in part, account for the relatively weak associations
observed in the current review. Moreover, there is increas-
ing recognition of the pro-social aspects of media use in
young people and the important role that it can play in
education, for example (65). A multifaceted approach to
Table 2 Sample characteristics subgroup analysis for the association between sedentary behaviour (all variables) and physical activity (all variables)
(subsample is the unit of analysis)
Sample characteristics Effect size statistics† Heterogeneity statistics
k r SE s2 95% CI Z Q τ2 I2
Age group 6.53B
Children 0–5 19 −0.053 0.026 0.001 −0.104,−0.001 −1.99* 72.99*** 0.008 75.34
Children 5–11 81 −0.138 0.027 0.001 −0.190,−0.086 −5.19*** 3,737.31*** 0.050 97.86
Adolescents 12–18 14 −0.066 0.031 0.001 −0.127,−0.005 −2.12* 137.57*** 0.011 90.55
Adolescents 12–15 92 −0.089 0.009 0.000 −0.108,−0.072 −9.73*** 2,465.36*** 0.006 96.31
Adolescents 16–18 7 −0.032 0.015 0.000 −0.062,−0.002 −2.09* 15.84* 0.001 62.12
Children and adolescents 17 −0.121 0.080 0.006 −0.277,−0.036 −1.51 36.38*** 0.105 99.56
Gender 3.65B
Boy only 51 −0.120 0.018 0.000 −0.155,−0.085 −6.66*** 1,346.87*** 0.012 96.29
Girls only 61 −0.088 0.011 0.000 −0.110,−0.066 −7.82*** 623.09*** 0.005 90.37
Boys and girls 118 −0.108 0.023 0.001 −0.153,−0.063 −4.74*** 10,233.59*** 0.058 98.85
Sample size 13.09B**
<100 28 −0.193 0.043 0.002 −0.276,−0.109 −4.52*** 66.51*** 0.028 59.41
101–500 63 −0.148 0.035 0.001 −0.217,−0.079 −4.22*** 1,386.89*** 0.073 95.53
501–1,000 23 −0.065 0.019 0.000 −0.102,−0.027 −3.39*** 136.80*** 0.070 83.92
>1,000 116 −0.085 0.014 0.000 −0.113,−0.058 −6.20*** 11,385.38*** 0.020 98.99
Country 2.89B
Australia/New Zealand 30 −0.114 0.028 0.001 −0.168,−0.060 −4.12*** 522.12*** 0.019 94.45
Europe 70 −0.130 0.023 0.001 −0.174,−0.085 −5.74*** 4,162.47*** 0.033 98.34
USA 97 −0.100 0.015 0.000 −0.129,−0.071 −6.79*** 1,523.98*** 0.016 93.70
Multiple 4 −0.136 0.083 0.007 −0.298,0.027 −1.64*** 6,374.26*** 0.027 99.95
Other 29 −0.059 0.015 0.000 −0.094,−0.024 −3.27*** 264.18*** 0.007 89.40
***P < 0.001; **P < 0.01; *P < 0.05.
†Fisher’s Z was used to calculate effect size statistics; k, number of effect sizes; r, effect size; SE, standard error; s2, variance; 95% CI, 95%
confidence interval; Z, test of null hypothesis; τ2, between study variance in random effects model; I2, total variance unexplained by moderator; B,
between Q-value used to determine significance between subgroups.
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the assessment of sedentary behaviour will enable a more
nuanced understanding of children’s sedentary behaviour
patterns and how they interact with physical activity and
development.
In moderator analyses, stronger inverse associations
between physical activity and sedentary behaviour were
observed in studies that employed objective methods of
measurement. Even within these subgroups, however, cor-
relations remained less than 0.5. One possible explanation
for this finding is that accelerometry for example provides
a measure of overall sedentary time rather than an assess-
ment of specific sedentary behaviours. Relative to a single
sedentary behaviour, aggregated sedentary time may corre-
late more strongly with physical activity because it
accounts for a larger proportion of daily time use; this
dependency may be further inflated when both constructs
are measured using the same device. In addition, acceler-
ometer counts per minute (sometimes used as a marker of
overall physical activity intensity) and accelerometer
assessed sedentary time are not wholly independent, which
may have biased estimates of the association in the small
number of studies that correlated these two constructs.
Moderator effects observed for smaller sample size and
higher methodological quality may also have been driven,
at least in part, by the use of objective monitoring. Cost and
feasibility constraints sometimes limit the use of objective
measures in very large epidemiological studies, and our
quality assessment tool included items related to the use of
valid and reliable instruments to assess physical activity
and sedentary behaviour.
No differential effect was observed when sedentary
behaviour or physical activity assessments were restricted to
specific times of the day or week. This was somewhat
surprising as itmay be expected that relative to the entire day
or week, the allocation of time to one behaviour is more
likely to displace time available to engage in alternative
Table 3 Study characteristics subgroup analysis for the association between sedentary behaviour (all variables) and physical activity (all variables)
(subsample is the unit of analysis)
Study characteristics Effect size statistics† Heterogeneity statistics
k r SE s2 95% CI Z Q τ2 I2
Study type 1.59B
Cross sectional 209 −0.113 0.111 0.000 −0.136,−0.091 −10.04*** 12,802.08*** 0.023 98.36
Prospective 21 −0.049 0.018 0.000 −0.084,−0.013 2.66*** 160.19*** 0.005 87.52
PA assessment 60.16B**
Subjective 176 −0.067 0.006 0.000 −0.081,−0.057 −11.54*** 2,549.65*** 0.004 93.16
Objective 54 −0.233 0.049 0.002 −0.330,−0.137 −4.73*** 5,168.62*** 0.121 98.98
SB assessment 178.68B**
Subjective 209 −0.071 0.006 0.000 −0.082,−0.060 12.35*** 2,749.53*** 0.005 92.44
Objective 21 −0.449 0.066 0.004 −0.578,−0.320 −6.81*** 1,470.73*** 0.085 98.64
Timing of PA measure 5.52B
After-school 7 −0.061 0.059 0.003 −0.177,0.055 −1.03 77.99*** 0.019 92.31
Leisure time 37 −0.036 0.008 0.000 −0.053,−0.019 −4.25*** 486.29*** 0.001 92.60
Whole days 163 −0.129 0.019 0.000 −0.166,−0.092 −6.91*** 11,303.29*** 0.052 98.57
Weekdays 6 −0.083 0.025 0.001 −0.131,−0.035 −3.38* 7.34* 0.001 31.86
Weekends 6 −0.064 0.028 0.001 −0.118,−0.010 −2.31* 5.00 0.000 0.09
Not specified 11 −0.101 −0.057 0.003 −0.214,0.012 −1.76 202.36*** 0.033 95.06
Timing of SB measure 7.76B
After-school 9 −0.094 0.023 0.001 −0.138,−0.049 −4.15*** 36.80*** 0.003 78.26
Leisure time 23 −0.045 0.010 0.000 −0.065,−0.025 −4.42*** 373.73*** 0.001 94.11
Whole days 163 −0.120 0.019 0.000 −0.158,−0.083 −6.32*** 11,582.38*** 0.054 98.60
Weekday/weekend 2 −0.062 0.055 0.003 −0.169,0.046 −1.13 28.07*** 0.006 96.42
Weekdays 18 −0.072 0.013 0.000 −0.098,−0.046 −5.39*** 44.82*** 0.001 62.07
Weekends 10 −0.087 0.068 0.005 −0.220,0.045 −1.29 125.81*** 0.035 92.85
Not specified 5 −0.141 0.110 0.012 −0.356,0.073 −1.29 201.07*** 0.058 98.01
Study quality 17.61B**
Low 147 −0.064 0.008 0.000 −0.079,−0.048 −7.89*** 1,265.99*** 0.007 88.47
High 83 −0.176 0.020 0.000 −0.215,−0.138 −8.88*** 11,550.32*** 0.029 99.29
***P < 0.001; **P < 0.01; *P < 0.05.
†Fisher’s Z was used to calculate effect size statistics; k, number of effect sizes; r, effect size; SE, standard error; s2, variance; 95% CI, 95%
confidence interval; Z, test of null hypothesis; τ2, between study variance in random effects model; I2, total variance unexplained by moderator; B,
Q-value used to determine significance between subgroups.
PA, physical activity; SB, sedentary behaviour.
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activities when focusing on a shorter time frame (e.g. after-
school). One explanation for this finding is that some studies
for example examined the association of sedentary behav-
iour during a specific period with overall physical activity,
rather than examining the inter-relationship between behav-
iours assessed over the same reference period. It remains
plausible, therefore, that within specific time frames, par-
ticularly those where children have relatively free choice,
sedentary and physically active behaviours may compete for
time. This may be a valuable avenue for future research
examining the interplay between these groups of behaviours
and the development of time-specific intervention strategies.
The strengths of this review include the use of meta-
analysis to provide a quantitative synthesis of included
studies and the exploration of differential associations
across a broad range of sample and study characteristics.
Numerous methods to assess publication bias were
employed and none indicated that this was a major
concern. We utilized broad search criteria, including both
electronic and manual sources, and a large number of
studies were screened for eligibility. However, few of the
included studies were intended to address directly the ques-
tion of interest to this review. The association between
sedentary behaviour and physical activity was frequently
reported as a descriptive characteristic within a methods,
results or discussion section. Therefore, we cannot rule out
the possibility that some relevant studies were not identified
for the current synthesis. To facilitate the examination of
study quality as a potential moderator, an arbitrary thresh-
old was applied to distinguish low and high quality. We
acknowledge the limitation of dichotomizing a continuous
construct in this way. In addition, searches were confined
to studies published in peer-reviewed journals and those
written in English. Due to the large number of studies
meeting inclusion criteria, we explored associations
between sedentary behaviour and all physical activity out-
comes combined. It is possible that differential associations
may be observed across different physical activity domains
(e.g. sports participation, active travel); however, we felt
that stratified analysis of physical activity outcomes was
beyond the scope of the current review.
Conclusion
Despite the established health benefits, a substantial pro-
portion of young people fail to meet public health guide-
lines for physical activity and participation declines during
the transition from childhood to adolescence (66,67). Con-
currently, sedentary behaviours, such as TV viewing and
computer use, are highly prevalent in this population
(62,68,69). The question of whether sedentary behaviours
displace participation in physical activity, therefore, is
highly relevant and of interest to a range of stakeholders,
including behavioural scientists, policy makers and parents.
Findings of the current review indicate that sedentary
behaviour is inversely associated with physical activity in
young people, but the relationship is weak, suggesting that
these behaviours should not be considered functional oppo-
sites or ‘two sides of the same coin’. The complex interplay
between sedentary and physically active behaviours,
including their shared and unique determinants, should be
considered in the development and evaluation of behaviour
change interventions.
Conflict of interest statement
The authors declare no conflicts of interest.
Acknowledgements
The work of Esther van Sluijs was supported by the
Medical Research Council (Unit Programme number:
MC_UU_12015/7) and the work of Andrew Atkin was
supported by the Centre for Diet and Activity Research
(CEDAR), a UKCRC Public Health Research: Centre of
Excellence. Funding from the British Heart Foundation,
Economic and Social Research Council, Medical Research
Council, the National Institute for Health Research, and
the Wellcome Trust, under the auspices of the UK Clinical
Research Collaboration, is gratefully acknowledged (RES-
590-28-0002). The work of Stuart Biddle is associated
with The National Institute of Health Research (NIHR)
Leicester-Loughborough Diet, Lifestyle and Physical Activ-
ity Biomedical Research Unit.
Supporting information
Additional Supporting Information may be found in the
online version of this article, http://dx.doi.org/10.1111/
obr.12188
Table S1. Descriptive characteristics of studies including
children aged 0–11 years.
Table S2. Descriptive characteristics of studies including
children and adolescents.
Table S3. Descriptive characteristics of studies including
adolescents aged 12–18 years.
References
1. Lumo BodyTech 2013. “Silicon Valley Syndrome”: Tech’s Toll
on Our Bodies – Data Report & Guide. [WWW document]. URL
http://www.lumoback.com/wp-content/uploads/2013/10/Silicon-
Valley-Syndrome-Data-Report-Guide1.pdf (accessed December
2013).
2. Runner’s World 2013. Sitting is the New Smoking-Even for
Runners. URL http://www.runnersworld.com/health/sitting-is-the-
new-smoking-even-for-runners (accessed December 2013).
obesity reviews Active and sedentary behaviours in youth N. Pearson et al. 673
© 2014 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity
15, 666–675, August 2014
3. Iannotti RJ, Wang J. Trends in physical activity, sedentary
behavior, diet, and BMI among US adolescents, 2001–2009. Pedi-
atrics 2013; 132: 606–614.
4. Katzmarzyk PT. Physical activity, sedentary behavior, and
health: paradigm paralysis or paradigm shift? Diabetes 2010; 59:
2717–2725.
5. Matthews CE, Chen KY, Freedson PS et al. Amount of time
spent in sedentary behaviors in the United States, 2003–2004. Am
J Epidemiol 2008; 167: 875–881.
6. Sedentary Behaviour Research Network. Letter to the Editor:
standardized use of the terms ‘sedentary’ and ‘sedentary behav-
iours. Appl Physiol Nutr Metab 2012; 37: 540–542.
7. Ng SW, Popkin BM. Time use and physical activity: a shift
away from movement across the globe. Obes Rev 2012; 13: 659–
680.
8. Owen N. Ambulatory monitoring and sedentary behaviour: a
population-health perspective. Physiol Meas 2012; 33: 1801–
1810.
9. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much
sitting: the population health science of sedentary behavior. Exerc
Sport Sci Rev 2010; 38: 105–113.
10. Chau JY, Grunseit AC, Chey T et al. Daily sitting time and
all-cause mortality: a meta-analysis. PLoS ONE 2013; 8: e80000.
11. Edwardson CL, Gorely T, Davies MJ et al. Association of
sedentary behaviour with metabolic syndrome: a meta-analysis.
PLoS ONE 2012; 7: e34916.
12. Wilmot EG, Edwardson CL, Achana F et al. Sedentary time in
adults and the association with diabetes, cardiovascular disease
and death: systematic review and meta-analysis. Diabetologia
2012; 55: 2895–2905.
13. Mitchell JA, Byun W. Sedentary behavior and health out-
comes in children and adolescents. Am J Lifestyle Med 2013. doi:
10.1177/1559827613498700.
14. Tremblay MS, LeBlanc AG, Kho ME et al. Systematic review
of sedentary behaviour and health indicators in school-aged chil-
dren and youth. Int J Behav Nutr Phys Act 2011; 8: 98.
15. Braithwaite I, Stewart AW, Hancox RJ, Beasley R, Murphy R,
Mitchell EA. The worldwide association between television
viewing and obesity in children and adolescents: cross sectional
study. PLoS ONE 2013; 8: e74263.
16. Marshall SJ, Biddle SJH, Gorely T, Cameron N, Murdey I.
Relationships between media use, body fatness and physical activ-
ity in children and youth: a meta-analysis. Int J Obes Relat Metab
Disord 2004; 28: 1238–1246.
17. Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper
A. Moderate to vigorous physical activity and sedentary time and
cardiometabolic risk factors in children and adolescents. JAMA
2012; 307: 704–712.
18. Marshall SJ, Biddle SJH, Sallis JF, McKenzie TL, Conway TL.
Clustering of sedentary behaviors and physical activity among
youth: a cross-national study. Pediatr Exerc Sci 2002; 14: 401–417.
19. Mutz DC, Roberts DF, van Vuuren DP. Reconsidering the
displacement hypothesis: television’s influence on children’s time
use. Communic Res 1993; 20: 51–75.
20. Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of
physical activity of children and adolescents.Med Sci Sports Exerc
2000; 32: 963–975.
21. Atkin AJ, Gorely T, Clemes SA et al. Methods of measurement
in epidemiology: sedentary behaviour. Int J Epidemiol 2012; 41:
1460–1471.
22. Liberati A, Altman DG, Tetzlaff J et al. The PRISMA state-
ment for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elabora-
tion. BMJ 2009; 339: b2700.
23. Biddle SJ, O’Connell S, Braithwaite RE. Sedentary behaviour
interventions in young people: a meta-analysis. Br J Sports Med
2011; 45: 937–942.
24. De Vet E, de Ridder DTD, de Wit JBF. Environmental corre-
lates of physical activity and dietary behaviours among young
people: a systematic review of reviews. Obes Rev 2011; 12: e130–
e142.
25. Gorely T, Marshall SJ, Biddle SJH. Couch kids: correlates of
television viewing among youth. Int J Behav Med 2004; 11: 152–
163.
26. Hoyos Cillero I, Jago R. Systematic review of correlates of
screen-viewing among young children. Prev Med 2010; 51: 3–10.
27. Maniccia DM, Davison KK, Marshall SJ, Manganello JA,
Dennison BA. A meta-analysis of interventions that target chi-
ldren’s screen time for reduction. Pediatrics 2011; 128: e193–
e210.
28. Melkevik O, Torsheim T, Iannotti RJ, Wold B. Is spending
time in screen-based sedentary behaviors associated with less
physical activity: a cross national investigation. Int J Behav Nutr
Phys Act 2010; 7: 46.
29. Pate RR, Mitchell JA, Byun W, Dowda M. Sedentary behav-
iour in youth. Br J Sports Med 2011; 45: 906–913.
30. Steeves JA, Thompson DL, Bassett DR, Fitzhugh EC, Raynor
HA. A review of different behavior modification strategies
designed to reduce sedentary screen behaviors in children. J Obes
2012; 2012. doi: 10.1155/2012/379215.
31. Uijtdewilligen L, Nauta J, Singh AS et al. Determinants of
physical activity and sedentary behaviour in young people: a
review and quality synthesis of prospective studies. Br J Sports
Med 2011; 45: 896–905.
32. Van Der Horst K, Chinapaw MJ, Twisk JWR, Van Mechelen
W. A brief review on correlates of physical activity and seden-
tariness in youth. Med Sci Sports Exerc 2007; 39: 1241–1250.
33. Chinapaw MJM, Proper KI, Brug J, van Mechelen W, Singh
AS. Relationship between young peoples’ sedentary behaviour and
biomedical health indicators: a systematic review of prospective
studies. Obes Rev 2011; 12: e621–e632.
34. Craggs C, Corder K, van Sluijs EMF, Griffin SJ. Determinants
of change in physical activity in children and adolescents: a sys-
tematic review. Am J Prev Med 2011; 40: 645–658.
35. Greenhouse JB, Iyengar S. Sensitivity analysis and diagnostics.
In: Cooper H, Hedges L V (eds). The Handbook of Research
Synthesis. Russell Sage Foundation: New York, 1994, pp. 383–
398.
36. Begg C. Publication bias. In: Cooper H, Hedges L V (eds). The
Handbook of Research Synthesis. Russell Sage Foundation: New
York, 1994, pp. 399–409.
37. Duval S, Tweedie R. A nonparametric ‘trim and fill’ method of
accounting for publication bias in meta-analysis. J Am Stat Assoc
2000; 95: 89–98.
38. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based
method of testing and adjusting for publication bias in meta-
analysis. Biometrics 2000; 56: 455–463.
39. Rosenthal R. The ‘file drawer problem’ and the tolerance for
null results. Psychol Bull 1979; 86: 638–641.
40. Borenstein M, Hedges L V, Higgins JP, Rothstein H. A basic
introduction to fixed and random effects models for meta-analysis.
Res Synth Methods 2010; 1: 97–111.
41. Matt G, Cok T. Threats to the validity of research synthesis.
In: Cooper H, Hedges L V (eds). The Handbook of Research
Synthesis. Russell Sage Foundation: New York, 1994, pp. 503–
520.
42. Cohen J. Statistical Power Analysis for the Behavioral Sci-
ences. Lawrence Erlbaum: Hillsdale, NJ, 1988.
674 Active and sedentary behaviours in youth N. Pearson et al. obesity reviews
© 2014 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity
15, 666–675, August 2014
43. Borenstein M, Hedges LV, Higgins JP, Rothstein H. Compre-
hensive Meta-Analysis Version 2. Biostat: Englewood, NJ, 2005.
44. Denton SJ, Trenell MI, Plötz T, Savory LA, Bailey DP, Kerr
CJ. Cardiorespiratory fitness is associated with hard and light
intensity physical activity but not time spent sedentary in 10–14
year old schoolchildren: the HAPPY study. PLoS ONE 2013; 8:
e61073.
45. Ekstedt M, Nyberg G, Ingre M, Ekblom Ö, Marcus C. Sleep,
physical activity and BMI in six to ten-year-old children measured
by accelerometry: a cross-sectional study. Int J Behav Nutr Phys
Act 2013; 10: 82.
46. Jago R, Baranowski T, Baranowski JC, Cullen KW,
Thompson DI. Social desirability is associated with some physical
activity, psychosocial variables and sedentary behavior but not
self-reported physical activity among adolescent males. Health
Educ Res 2007; 22: 438–449.
47. Janz KF, Mahoney LT. Maturation, gender, and video game
playing are related to physical activity intensity in adolescents: the
muscatine study. Pediatr Exerc Sci 1997; 9: 353–363.
48. King AC, Parkinson KN, Adamson AJ et al. Correlates
of objectively measured physical activity and sedentary beha-
viour in English children. Eur J Public Health 2011; 21: 424–
431.
49. Mitchell JA, Mattocks C, Ness AR et al. Sedentary behavior
and obesity in a large cohort of children.Obesity 2009; 17: 1596–
1602.
50. Myers L, Strikmiller PK, Webber LS, Berenson GS. Physical
and sedentary activity in school children grades 5–8: the Bogalusa
Heart Study. Med Sci Sports Exerc 1996; 28: 852–859.
51. Olds T, Maher CA, Ridley K. The place of physical activity in
the time budgets of 10- to 13-year-old Australian children. J Phys
Act Health 2011; 8: 548–557.
52. Raudsepp L, Neissaar I, Kull M. Longitudinal stability of
sedentary behaviors and physical activity during early adolescence.
Pediatr Exerc Sci 2008; 20: 251–262.
53. Sardinha LB, Andersen LB, Anderssen SA et al. Objectively
measured time spent sedentary is associated with insulin resistance
independent of overall and central body fat in 9- to 10-year-old
Portuguese children. Diabetes Care 2008; 31: 569–575.
54. Webb OJ, Benjamin CC, Gammon C, McKee HC, Biddle SJH.
Physical activity, sedentary behaviour and physical self-perceptions
in adolescent girls: a mediation analysis. Ment Health Phys Act
2013; 6: 24–29.
55. Jago R, Baranowski T, Thompson D, Baranowski J, Greaves
KA. Sedentary behavior, not TV viewing, predicts physical activity
among 3-to 7-year-old children. Pediatr Exerc Sci 2005; 17: 364–
376.
56. Leatherdale ST, Wong SL. Modifiable characteristics associ-
ated with sedentary behaviours among youth. Int J Pediatr Obes
2008; 3: 93–101.
57. Epstein LH, Roemmich JN, Paluch RA, Raynor HA. Physical
activity as a substitute for sedentary behavior in youth. Ann Behav
Med 2005; 29: 200–209.
58. Romieu I, Mannino DM, Redd SC, McGeehin MA. Dietary
intake, physical activity, body mass index, and childhood asthma
in the Third National Health And Nutrition Survey (NHANES III).
Pediatr Pulmonol 2004; 38: 31–42.
59. Bibiloni MDM, Pich J, Córdova A, Pons A, Tur JA. Associa-
tion between sedentary behaviour and socioeconomic factors, diet
and lifestyle among the Balearic Islands adolescents. BMC Public
Health 2012; 12: 718.
60. Müller MJ, Koertzinger I, Mast M, Langnäse K, Grund A.
Physical activity and diet in 5 to 7 years old children. Public Health
Nutr 1999; 2: 443–444.
61. Ekelund U, Hildebrand M, Collings PJ. Physical activity, sed-
entary time and adiposity during the first two decades of life. Proc
Nutr Soc 2014; 73: 1–11.
62. Rideout VJ, Foehr UG, Roberts DF Generation M2: Media in
the lives of 8–18 year olds. Kaiser Family Foundation 2010. URL
http://kff.org (accessed July 2013).
63. The Nielsen Company. The cross-platform report – quarter 1.
2012. URL http://www.nielsen.com/content/dam/corporate/us/en/
reports-downloads/2012-Reports/Nielsen-Cross-Platform-Report-
Q1-2012-final.pdf (accessed July 2013).
64. The Nielsen Company. The cross-platform report – quarter 4.
2011. URL http://www.nielsen.com/content/dam/corporate/us/en/
reports-downloads/2012-Reports/nielsen-cross-platform-q4-
2011.pdf (accessed July 2013).
65. Council on Communications and Media. Children, adoles-
cents, and the media. Pediatrics 2013; 132: 958–961.
66. Corder K, Sharp SJ, Atkin AJ et al. Change in objectively
measured physical activity during the transition to adolescence. Br
J Sports Med 2014. doi: 10.1136/bjsports-2013-093190.
67. Ekelund U, Tomkinson G, Armstrong N. What proportion of
youth are physically active? Measurement issues, levels and recent
time trends. Br J Sports Med 2001; 45: 859–865.
68. Ruiz JR, Ortega FB, Martínez-Gómez D et al. Objectively
measured physical activity and sedentary time in European ado-
lescents: the HELENA study. Am J Epidemiol 2011; 174: 173–
184.
69. Klitsie T, Corder K, Visscher TL, Atkin AJ, Jones AP, van
Sluijs EM. Children’s sedentary behaviour: descriptive epidemiol-
ogy and associations with objectively-measured sedentary time.
BMC Public Health 2013; 13: 1092.
obesity reviews Active and sedentary behaviours in youth N. Pearson et al. 675
© 2014 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of International Association for the Study of Obesity
15, 666–675, August 2014
